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TRANSMISSION AND RECEPTION OF
CONTROL INFORMATION

CROSS REFERENCE TO PRIOR APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0102452
(filed on Sep. 14, 2012), Korean Patent Application No.
10-2012-0111501 (filed on Oct. 8, 2012), and Korean Patent
Application No. 10-2012-0144531 (filed on Dec. 12, 2012),
which are hereby incorporated by reference in their entirety.

BACKGROUND

The present disclosure relates to transmitting control infor-
mation in a transmission/reception point and to receiving the
control information in user equipment. Particularly, the
present disclosure relates to a method and an apparatus (e.g.,
atransmission/reception point) for transmitting control infor-
mation for user equipment which receives downlink control
information through a downlink control channel newly
adopted (or defined) in a data region. Furthermore, the present
disclosure relates to a method and an apparatus (e.g., user
equipment) for receiving the control information.

A wireless communication system has been designed to
transmit a mass amount of data to many subscribers. How-
ever, increasing the capacity of the wireless communication
system is difficult due to the limited resources of a control
region. For overcoming such limitation, using a downlink
control channel in a data region might be required to transmit
downlink control information.

Meanwhile, typical control channel elements (CCEs) are
associated with assignment of a downlink control channel in
a control region. Lately, enhanced control channel elements
(ECCEs) are newly defined for assigning the downlink con-
trol channel in a data region. Accordingly, developing a
resource assignment scheme associated with the newly-de-
fined ECCEs might be required.

SUMMARY

The present embodiment is to provide an enhanced control
channel element ECCE)/enhanced resource element group
(EREG) mapping method for a downlink control channel
transmission in a data region. Furthermore, the present
embodiment is to provide a method and an apparatus for
performing ECCE indexing in a localized ‘enhanced physical
downlink control channel’ (EPDCCH) set.

In accordance with at least one embodiment, a method may
be provided for transmitting control information to user
equipment through a data region of a physical resource-block
(PRB) pair in a subframe, in a transmission/reception point.
The method may include forming enhanced control channel
elements (ECCEs), wherein (i) resource elements (REs) in
the PRB pair may be indexed by repetitively using 16 num-
bers according to a frequency-first scheme, (ii) resource ele-
ments (REs) having an identical index may be included in an
identical enhanced resource-element group (EREG), and (iii)
each of the ECCEs may include EREGs corresponding to
EREG indices having an identical remainder when the EREG
indices are divided by N, where the N is one of 4 and 2; and
transmitting the control information to the user equipment
through at least one of the ECCEs.

In accordance with another embodiment, a method may be
provided for receiving control information from a transmis-
sion/reception point through a data region of a physical
resource-block (PRB) pair in a subframe, in user equipment.
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The method may include receiving a wireless signal through
at least one enhanced control channel element (ECCE),
wherein (1) resource elements (REs) in the PRB pair may be
indexed by repetitively using 16 numbers according to a
frequency-first scheme, (ii) resource elements (REs) having
an identical index may be included in an identical enhanced
resource-element group (EREG), and (iii) each of ECCEs
may include EREGs corresponding to EREG indices having
an identical remainder when the EREG indices are divided by
N, where the N is one of 4 and 2; and obtaining the control
information from the received wireless signal.

In accordance with still another embodiment, a transmis-
sion/reception point may be provided for transmitting control
information to user equipment through a data region of a
physical resource-block (PRB) pair in a subframe. The trans-
mission/reception point may include a control processor and
a transmitter. The control processor may be configured to
form enhanced control channel elements (ECCEs). Herein,
(1) resource elements (REs) in the PRB pair may be indexed
by repetitively using 16 numbers according to a frequency-
first scheme, (ii) resource elements (REs) having an identical
index may be included in an identical enhanced resource-
element group (EREG), and (iii) each of the ECCEs may
include EREGs corresponding to EREG indices having an
identical remainder when the EREG indices are divided by N,
where the N is one of 4 and 2. The transmitter may be con-
figured to transmit the control information to the user equip-
ment through at least one of the ECCEs.

In accordance with still another embodiment, user equip-
ment may be provided for receiving control information from
a transmission/reception point through a data region of a
physical resource-block (PRB) pair in a subframe. The user
equipment may include a receiver and a control processor.
The receiver may be configured to receive a wireless signal
through at least one enhanced control channel element
(ECCE). Herein, (i) resource elements (REs) in the PRB pair
may be indexed by repetitively using 16 numbers according to
afrequency-first scheme, (ii) resource elements (REs) having
an identical index may be included in an identical enhanced
resource-element group (EREG), and (iii) each of ECCEs
may include EREGs corresponding to EREG indices having
an identical remainder when the EREG indices are divided by
N, where the N is one of 4 and 2. The control processor may
be configured to obtain the control information from the
received wireless signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary diagram illustrating a wireless
communication system to which at least one embodiment
may be applied;

FIG. 2 illustrates one resource-block pair in the case of a
normal cyclic prefix (normal CP), as an example of a structure
of downlink resources in a long term evolution (LTE) or
LTE-Advanced (LTE-A) system;

FIG. 3 illustrates a resource element (RE) mapping of a
physical resource block (PRB) pair indexed according to an
EREG indexing procedure with a symbol-based cyclic shift,
in the case of one transmission antenna port (CRS port 0);

FIG. 4 illustrates an RE mapping of a PRB pair indexed
according to an EREG indexing procedure with a symbol-
based cyclic shift, in the case of two transmission antenna
ports (CRS ports 0 and 1);

FIG. 5 illustrates an RE mapping of a PRB pair indexed
according to an EREG indexing procedure with a symbol-
based cyclic shift, in the case of four transmission antenna
ports (CRS ports 0, 1, 2, and 3);
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FIG. 6 illustrates an RE mapping of a PRB pair indexed
according to an EREG indexing procedure without a cyclic
shift, in the case of one transmission antenna port (CRS port
0);

FIG. 7 illustrates an RE mapping of a PRB pair indexed
according to an EREG indexing procedure without a cyclic
shift, in the case of two transmission antenna ports (CRS ports
0 and 1);

FIG. 8 illustrates an RE mapping of a physical resource
block (PRB) pair indexed according to an EREG indexing
procedure without a cyclic shift, in the case of four transmis-
sion antenna ports (CRS ports 0, 1, 2, and 3);

FIG. 9 illustrates an ECCE/EREG mapping in a localized
EPDCCH set according to Embodiment 1 and Embodiment
2;

FIG. 10 is a flowchart illustrating a method of transmitting
control information in a transmission/reception point in
accordance with at least one embodiment;

FIG. 11 is a flowchart illustrating a method of receiving
control information in user equipment in accordance with
other embodiments;

FIG. 12 is a diagram illustrating a transmission/reception
point in accordance with some embodiments; and

FIG. 13 is a diagram illustrating user equipment in accor-
dance with some embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. In the following description, the same elements
will be designated by the same reference numerals although
they are shown in different drawings. Furthermore, in the
following description of the present embodiment, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted when it may make the subject
matter of the present embodiment unclear.

A wireless communication system in accordance with at
least one embodiment may be widely used in order to provide
a variety of communication services such as a voice service,
a packet data service, and so forth. The wireless communica-
tion system may include user equipment (UE) and at least one
transmission/reception point. In the present description, the
term “user equipment (UE)” is used as a general concept that
includes a terminal in wireless communication. Accordingly,
theuser equipment (UE) should be construed as a concept that
includes a mobile station (MS), a user terminal (UT), a sub-
scriber station (SS), and/or a wireless device in a global
system for mobile communications (GSM), as well as user
equipment used in wideband code division multiple access
(WCDMA), long term evolution (LTE), and/or high speed
packet access (HSPA).

The transmission/reception point may indicate a station
that communicates with the user equipment. Such a transmis-
sion/reception point may be referred to as different terms, for
example, a base station (BS), a cell, a Node-B, an evolved
Node-B (eNB), a sector, a site, a base transceiver system
(BTS), an access point (AP), a relay node (RN), a remote
radio head (RRH), a radio unit (RU), and the like.

That is, in the present description, the base station (BS) or
the cell may be construed as an inclusive concept indicating a
portion of an area or a function covered by a base station
controller (BSC) in code division multiple access (CDMA), a
Node-B in WCDMA, an eNB or a sector (a site) in LTE, and
the like. Accordingly, a concept of the transmission/reception
point, the base station (BS), and/or the cell may include a
variety of coverage areas such as a megacell, a macrocell, a
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microcell, a picocell, a femtocell, and the like. Furthermore,
such concept may include acommunication range of the relay
node (RN), the remote radio head (RRH), or the radio unit
(RU).

In the present description, the user equipment and the
transmission/reception point may be two transmission/recep-
tion subjects, having an inclusive meaning, which are used to
embody the technology and the technical concept disclosed
herein, and may not be limited to a specific term or word.
Furthermore, the user equipment and the transmission/recep-
tion point may be uplink or downlink transmission/reception
subjects, having an inclusive meaning, which are used to
embody the technology and the technical concept disclosed in
connection with the present embodiment, and may not be
limited to a specific term or word. Herein, an uplink (UL)
transmission/reception is a scheme in which data is transmit-
ted from user equipment to a base station. Alternatively, a
downlink (DL) transmission/reception is a scheme in which
data is transmitted from the base station to the user equip-
ment.

The wireless communication system may use a variety of
multiple access schemes such as CDMA, time division mul-
tiple access (TDMA), frequency division multiple access
(FDMA), orthogonal frequency division multiple access
(OFDMA), OFDM-FDMA, OFDM-TDMA, OFDM-
CDMA, and/or the like. Such multiple access schemes, how-
ever, are not limited thereto. At least one embodiment may be
applied to resource allocation in the field of asynchronous
wireless communications evolving to LTE and LTE-ad-
vanced (LTE-A) through GSM, WCDMA, and HSP, and in
the field of synchronous wireless communications evolving
into CDMA, CDMA-2000, and UMB. The present embodi-
ment should not be construed as being limited to or restricted
by a particular wireless communication field, and should be
construed as including all technical fields to which the spirit
of the present embodiment can be applied.

In the case of an uplink transmission and a downlink trans-
mission, at least one of a time division duplex (TDD) and a
frequency division duplex (FDD) may be used. Herein, the
TDD may perform the uplink/downlink transmissions using
different times. The FDD may perform the uplink/downlink
transmissions using different frequencies.

In a LTE or LTE-A system in conformance with a corre-
sponding standard, an uplink and/or a downlink may be con-
stituted based on one carrier or a pair of carriers. In the case of
the uplink and/or downlink, control information may be
transmitted through such control channels as a physical
downlink control channel (PDCCH), a physical control for-
mat indicator channel (PCFICH), a physical hybrid ARQ
indicator channel (PHICH), a physical uplink control channel
(PUCCH), and/or so forth. Data may be transmitted through
such data channels as a physical downlink shared channel
(PDSCH), a physical uplink shared channel (PUSCH), and/or
the like.

In the description, the term “cell” may indicate one of
coverage of a signal transmitted from a transmission point or
transmission/reception point, a component carrier having the
coverage, and the transmission/reception point. Herein, the
term “transmission/reception point” may indicate one of a
transmission point transmitting a signal, a reception point
receiving a signal, and a combination thereof (i.e., a transmis-
sion/reception point).

FIG. 1 is an exemplary diagram illustrating a wireless
communication system to which at least one embodiment
may be applied.

Referring to FIG. 1, wireless communication system 100
may be one of a coordinated multi-point transmission/recep-
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tion (CoMP) system, a coordinated multi-antenna transmis-
sion system, and a coordinated multi-cell communication
system. Herein, the CoMP system may transmit signals
through cooperation between a plurality of transmission/re-
ception points. Wireless communication system 100 such as a
CoMP system may include a plurality of transmission/recep-
tion points 110 and 112, and at least one user equipment (UE)
120 and 122.

The transmission/reception points may be, as shown in the
figure, one of transmission/reception point (e.g., eNB) 110
and transmission/reception point (e.g., RRH) 112. Herein,
eNB 110 may be a base station or amacrocell (or macronode).
RRH 112 may be at least one picocell which is wiredly
controlled by coupling to eNB 110 through an optical cable or
an optical fiber. Furthermore, RRH 112 may have either a
high transmission power, or a low transmission power within
a macrocell region. The transmission/reception points eNB
110 and RRH 112 may have the same cell identity (ID) or
different cell identities.

Hereinafter, a downlink (DL) may represent communica-
tion or a communication path from transmission/reception
points 110 and 112 to user equipment 120. An uplink (UL)
may represent communication or a communication path from
user equipment 120 to transmission/reception points 110 and
112. In the downlink, a transmitter may be a portion of trans-
mission/reception points 110 and 112, and a receiver may be
a portion of user equipment 120 and 122. In the uplink, a
transmitter may be a portion of user equipment 120, and a
receiver may be a portion of transmission/reception points
110 and 112.

Hereinafter, a situation in which a signal is transmitted or
received through such channels as PUCCH, PUSCH,
PDCCH, and/or PDSCH may be referred to by the expression
“transmit or receive PUCCH, PUSCH, PDCCH, and/or
PDSCH”

eNB (e.g., 110) may perform a downlink transmission to
user equipment (e.g., 120 and/or 122). eNB (e.g., 110) may
transmit PDSCH corresponding to a primary physical chan-
nel, for unicast transmission. Furthermore, eNB (e.g., 110)
may transmit PDCCH in order to transmit downlink control
information, such as scheduling information required for
receiving PDSCH, and to transmit scheduling grant informa-
tion for an uplink data channel (e.g., PUSCH) transmission.
Hereinafter, “transmit or receive a signal through a channel”
may be referred to as the expression of “transmit or receive a
channel.”

In a wireless communication, one radio frame may consist
of 10 subframes, and one subframe may consist of two slots.
Theradio frame may have alength of 10 ms, and the subframe
may have a length of 1.0 ms. Typically, a basic unit of a data
transmission may be a subframe, and a downlink or uplink
scheduling may be performed in a unit of subframes. In the
case of a normal cyclic prefix (CP), one slot may include 7
OFDM symbols in the time domain. In the case of an
extended cyclic prefix (CP), one slot may include 6 OFDM
symbols in the time domain.

For example, the frequency domain in a wireless commu-
nication may be formed in a unit of subcarriers having an
interval of 15 kHz.

In a downlink, time-frequency resources may be deter-
mined in a unit of resource blocks (RBs). A resource block
(RB) may consist of one slot in the time axis and 180 kHz (12
subcarriers) in the frequency axis. Resource elements con-
sisting of ‘one subcarrier (corresponding to 2 slots) in the time
axis’ and ‘12 subcarriers in the frequency axis’ may be
referred to as ‘aresource-block pair (RBP).” A total number of
resource blocks may differ according to a system bandwidth.
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A resource element (RE) may consist of one OFDM sym-
bol in the time axis and one subcarrier in the frequency axis.
One resource-block pair (RBP) may include ‘14x12 resource
elements’ (in the case of a normal CP) or ‘12x12 resource
elements’ (in the case of an extended CP).

FIG. 2 illustrates one resource-block pair (RBP) in the case
of a normal cyclic prefix (normal CP), as an example of a
structure of downlink resources in a long term evolution
(LTE) or LTE-Advanced (LTE-A) system.

Referring to FIG. 2, in the case of a normal cyclic prefix
(CP), one resource-block pair (RBP) may consist of 14
OFDM symbols (1=0, 1, . . ., 13) and 12 subcarriers
(k=0, . . ., 11). In an embodiment shown in FIG. 2, one
resource-block pair (RBP) may include 14 OFDM symbols.
Among the 14 OFDM symbols, preceding three OFDM sym-
bols (1=0~2) may correspond to control region 210 assigned
for control channels such as a physical control format indi-
cator channel (PCFICH), a physical hybrid ARQ indicator
channel (PHICH), a physical downlink control channel (PD-
CCH), and so forth. The remaining OFDM symbols (1=3~13)
may correspond to data region 220 assigned for data channels
such as a physical downlink shared channel (PDSCH).
Although three OFDM symbols are allocated for control
region 210 in FIG. 2, one to four OFDM symbols may be
allocated for control region 210, according to embodiments.
Information on the size of control region 210 may be trans-
ferred through the PCFICH. Herein, the size information may
be set as the number of OFDM symbols.

PDCCH may be transmitted through an entire system
bandwidth, PDSCH may be transmitted based on resource
blocks. User equipment may identify a corresponding
PDCCH (i.e., a PDCCH assigned to the user equipment), and
enter a micro sleep mode when there is no data (i.e., data for
the user equipment) in the corresponding PDCCH. Accord-
ingly, it may be possible to reduce a power consumption of the
user equipment in data region 220.

Referring to FIG. 2, reference signals may be mapped to
specific resource elements of a downlink. That is, a common
reference signal (or cell-specific reference signal, hereinafter
referred to as “CRS”) 230, demodulation reference signals
(DM-RS) (or UE-specific reference signals) 232 and 234, a
channel-state information reference signal (CSI-RS), and so
forth may be transmitted through a downlink. In FIG. 2, only
CRS 230 and DM-RS 232 and 234 have been illustrated for
convenience of description.

CRS 230 in control region 210 may be used to perform a
channel estimation for decoding of PDCCH. CRS 230 in data
region 220 may be used for downlink channel measurement.
Channel estimation for data decoding of data region 220 may
be performed using DM-RSs 232 and/or 234. DM-RSs 232
and 234 may be multiplexed using orthogonal codes, as ref-
erence signals for a plurality of layers. For example, in the
case of 4-layer transmission, two different reference signals
for each reference signal group may be multiplexed by apply-
ing ‘an orthogonal code having a length of 2’ to ‘two con-
secutive reference signal resource elements in the time axis.”
In the case of 8-layer transmission, four different reference
signals for each reference signal group may be multiplexed by
applying ‘an orthogonal code having a length of 4’ to “four
reference signal resource elements distributed in the time
axis.’

In the case of 1-layer transmission or 2-layer transmission,
since a reference signal of each layer may be transmitted
using only one DM-RS group (e.g., DM-RS group 1 (232)),
another DM-RS group (e.g., DM-RS group 2 (234)) may be
used for a data transmission. DM-RS corresponding to each
layer may be pre-coded according to a pre-coding scheme
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applied to the each layer, and be transmitted to user equip-
ment. Accordingly, a receiving side (e.g., user equipment)
may perform a data decoding without pre-coding information
applied in a transmitting side (e.g., a base station).

In order to efficiently use limited resources in a wireless
communication system, a control channel may be required.
However, resources of control region 210 may correspond to
system overhead, and therefore reduce resources of data
region 220 available for data transmission. In an LTE system
based on OFDM, one resource-block pair (RBP) may consist
of 14 or 12 OFDM symbols. Among the OFDM symbols, a
maximum of 3 OFDM symbols may be used for control
region 210, and the remaining OFDM symbols may be used
for data region 220. Meanwhile, in an LTE-A system capable
of transmitting data to more users, system capacity enhance-
ment may be restricted due to restricted resources of a typical
control region (e.g., 210). Accordingly, in order to increase
control channel resources, considering a method of transmit-
ting/receiving multi-user control channels might be required,
such as using a spatial division multiplexing scheme in data
region 220. In other words, such method may transmit/re-
ceive control channels in data region 220. For example, a
control channel transmitted in data region 220 may be
referred to as ‘extended PDCCH’ or ‘enhanced PDCCH’
(EPDCCH), and is not limited thereto.

In a typical (or existing) 3GPP LTE/LTE-A rel-8/9/10 sys-
tem, in order to receive a downlink DCI, all user equipment
depend on the PDCCH which is transmitted through ‘the first
one, two, or three OFDM symbols’ (in the case that system
bandwidth >10 PRBs) or ‘the first two, three, or four OFDM
symbols’ (in the case that system bandwidth <10 PRBs)in a
downlink subframe. A basic unit of a PDCCH transmission
for certain user equipment may be a control channel element
(CCE). Herein, one CCE may consist of 9 resource element
groups (REGs). One REG may consist of four consecutive
resource elements (REs) in the frequency axis. Particularly,
the four consecutive resource elements (REs) of the one REG
may be selected, among the remaining resource elements
(REs) excluding resource elements (REs) transmitting differ-
ent physical channels (e.g., PCFICH, PHICH) and physical
signals (e.g., CRS) in a PDCCH region of a corresponding
downlink subframe.

Unlike the above-described legacy PDCCH, EPDCCH
newly adopted (or defined) in a system associated with 3GPP
LTE/LTE-A release 11 and its follow-up releases may be
assigned in a PDSCH region of a downlink pilot time slot
(DwWPTS) in a downlink subframe or a special subframe.
Furthermore, 3GPP LTE/LTE-A release 11 and its follow-up
releases define that a corresponding cell may assign a K
number of EPDCCH sets for the user equipment configured
to receive downlink control information (DCI) through the
EPDCCH. Herein, each EPDCCH set may consist of a group
of ‘M’ PRBs. The ‘M’ is a natural number which is greater
than or equal to “1” and is less than or equal to the number of
PRBs associated with a downlink bandwidth. A maximum
value of the ‘K’ may be selected as one of 2, 3, 4, and 6.
Furthermore, each of the plurality of EPDCCH set deter-
mined for a given user equipment may have a different ‘M’
value.

EPDCCH sets may correspond to a localized type or a
distributed type according to EPDCCH transmission types.
The above-described ‘M’ may be 2, 4, or 8 for both of a
localized type and a distributed type, and is not limited
thereto.

Meanwhile, the K number of EPDCCH sets may be
assigned for one user equipment. In this case, since each
EPDCCH set is of either a distributed type or a localized type,
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8
a KL number of localized EPDCCH sets and a KD number of
distributed EPDCCH sets may be assigned for one user equip-
ment. That is, a sum of KL and KD may be “K” (KL+KD=K).

In order to perform an EPDCCH resource mapping for a
given user equipment, an enhanced REG (EREG) or
enhanced CCE (ECCE) corresponding to an REG or CCE of
atypical PDCCH may be adopted or defined in the EPDCCH.

In the case of a newly-defined EREG/ECCE, a total of 16
EREGs (e.g., EREG#0to EREG #15) may be included in one
PRB pair of each EPDCCH set. Particularly, the one PRB pair
may include a total of 16 EREGs, regardless of (i) a frame
structure type, (ii) a subframe configuration, (iii) a length of a
cyclic prefix (CP), (iv) a size of a legacy PDCCH control
region, and/or (v) whether there are other reference signals
(e.g., CRS, CSI-RS, PRS, etc.) excluding DM-RS.

More specifically, in the case of a normal cyclic prefix
(CP), one PRB pair in a certain EPDCCH set may include a
total of 168 resource elements (REs) (e.g., 12x14=168 REs).
In this case, an EREG indexing may be performed for the
remaining resource elements (REs) (e.g., 144 REs) excluding
‘24 resource elements (REs) for DM-RS’ from the 168
resource elements (REs). In other words, the EREG indexing
may be performed using 16 numbers (e.g., 0, 1,2, ..., 15)
according to a frequency-first scheme (i.e., a frequency first
and then time manner). Accordingly, corresponding resource
elements (REs) may be numbered (i.e., indexed) from O to 15.
Similarly, in the case of an extended cyclic prefix (CP), one
PRB pair in a certain EPDCCH set may include a total of 144
resource elements (REs) (e.g., 12x12=144 REs). In this case,
an EREG indexing may be performed for the remaining
resource elements (REs) (e.g., 128 REs) excluding ‘16
resource elements (REs) for DM-RS’ from the 144 resource
elements (REs). In other words, the EREG indexing may be
performed using 16 numbers (e.g., 0, 1,2, ..., 15) according
to a frequency-first scheme (i.e., a frequency first and then
time manner). Accordingly, corresponding resource elements
(REs) may be numbered (i.e., indexed) from O to 15.

In a downlink subframe with a normal cyclic prefix (CP)
(“a normal DL subframe”), embodiments associated with an
EREG indexing procedure for one PRB pair in a certain
EPDCCH set will be described with reference to FIG. 3 to
FIG. 8. In FIG. 3 to FIG. 8, deviant crease line portions
without numerals may represent resource elements (REs)
used for DS-RS, and deviant crease line portions or lattice-
pattern portions with numerals may represent resource ele-
ments (REs) used for a CRS transmission.

FIG. 3 illustrates a resource element (RE) mapping of a
physical resource block (PRB) pair indexed according to an
EREG indexing procedure with a symbol-based cyclic shift,
in the case of one transmission antenna port (e.g., CRS port
0).

Referring to FIG. 3, EREGs may be numbered (i.e.,
indexed) from 0 to 15 according to a frequency-first scheme
(i.e., a frequency first and then time manner). In embodiments
shown in FIG. 3, indexing may be performed using a symbol-
based cyclic shift. More specifically, as shown in FIG. 3, after
aresource element (RE) indicated by “300” in the first symbol
is indexed as 11 (i.e., index 11), a neighboring RE indicated
by “310” in the second symbol is continuously indexed as 12
(i.e., index 12). In a same manner, after a resource element
(RE) indicated by “320” in the second symbol is indexed as 7
(i.e., index 7), a neighboring RE indicated by “330” in a third
symbol is continuously indexed as 8 (i.e., index 8).

A physical resource block (PRB) pair shown in FIG. 3 may
be associated with CRS port 0. As shown in FIG. 3, CRSs may
be mapped to 8 resource elements (REs). In other embodi-
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ments, the CRSs may be mapped to REs being at other posi-
tions according to frequency shifts.

FIG. 4 illustrates a resource element (RE) mapping of a
physical resource block (PRB) pair indexed according to an
EREG indexing procedure with a symbol-based cyclic shift,
in the case of two transmission antenna ports (e.g., CRS ports
0 and 1). FIG. 5 illustrates an RE mapping of a PRB pair
indexed according to an EREG indexing procedure with a
symbol-based cyclic shift, in the case of four transmission
antenna ports (e.g., CRS ports 0, 1, 2, and 3).

Resource elements (REs) shown in FIG. 4 and FIG. 5 may
be indexed using a symbol-based cyclic shift, in the same
manner as in FIG. 3. In FIG. 4, CRSs may be mapped to ‘8
additional REs’ as well as ‘the REs for CRS shown in FIG. 3’
for CRS ports 0 and 1. In FIG. 5, CRSs may be mapped to ‘8
additional REs’ as well as ‘the REs for CRS shown in FIG. 4’
for CRS ports 0, 1, 2, and 3.

In the case that an EREG indexing is performed per OFDM
symbol, FIG. 3 to FIG. 5 illustrate embodiments to which a
cyclic shiftis applied, and FIG. 6 to FIG. 8 illustrate embodi-
ments to which a cyclic shift is not applied.

FIG. 6 illustrates an RE mapping of a PRB pair indexed
according to an EREG indexing procedure without a cyclic
shift, in the case of one transmission antenna port (e.g., CRS
port 0). FIG. 7 illustrates an RE mapping of a PRB pair
indexed according to an EREG indexing procedure without a
cyclic shift, in the case of two transmission antenna ports
(e.g., CRS ports O and 1). FIG. 8 illustrates an RE mapping of
aphysical resource block (PRB) pair indexed according to an
EREG indexing procedure without a cyclic shift, in the case
of four transmission antenna ports (e.g., CRS ports 0, 1,2, and
3).

In FIG. 6 to FIG. 8, a mapping of CRSs may be performed
in the same manner as in FIG. 3 to FIG. 5. However, indexing
schemes may differ.

Representatively, referring to FIG. 6, EREGs may be num-
bered (i.e., indexed) from O to 15 according to a frequency-
first scheme (i.e., a frequency first and then time manner). In
embodiments shown in FIG. 6, indexing may be performed
without a symbol-based cyclic shift. More specifically, as
shown in FIG. 6, after a resource element (RE) indicated by
“600” in the first symbol is indexed as 11 (i.e., index 11), an
RE indicated by “610” in the second symbol is continuously
indexed as 12 (i.e., index 12). Herein, the RE (“610”) indexed
as 12 (i.e.,the RE (“610”) corresponding to a next turn) is not
adjacent to the RE (“600”) indexed as 11. In the same manner,
after an RE indicated by “620” in the second symbol is
indexed as 7 (i.e., index 7), an RE indicated by “630” in a third
symbol is continuously indexed as 8 (i.e., index 8). Herein,
the RE (“630”) indexed as 8 (i.e., the RE (“630”) correspond-
ing to a next turn) is not adjacent to the RE (“620”) indexed as
7.

In FIG. 3 to FIG. 8, REs having the same index may be
grouped into one EREG. Accordingly, in the case of one PRB
pair, a total of 16 EREGs (e.g., EREG #0 to EREG #15) may
be assigned. FIG. 3 to FIG. 8 illustrate embodiments associ-
ated with a PRB pair with a normal CP. That is, one PRB pair
with the normal CP may consist of a total of 16 EREGs.
Similarly, in the case of one PRB pair with an extended CP, a
total of 16 EREGs (e.g., EREG #0 to EREG #15) may be
assigned. That is, one PRB pair with the extended CP may
include a total of 16 EREGs.

According to FIG. 3 to FIG. 8, each of the EREG (e.g.,
EREG#0, EREG #1, . .., EREG #15) configured in one PRB
pair may consist of 9 REs. However, as shown in FIG. 3 to
FIG. 8, the number of REs available for an EPDCCH trans-
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mission per EREG may differ according to the number of
transmission antenna ports (or, a CRS port number) and a size
of'a legacy PDCCH region.

Referring back to FIG. 3, a total number of REs corre-
sponding to index #0 is 9. However, in the case that a region
associated with the first three OFDM symbols (1=0~2) are
determined as a control region, REs included in the control
region may not transmit EPDCCH, and therefore be excluded
in the REs available for an EPDCCH transmission. Accord-
ingly, EREG #0 may consist of a total of 6 available REs. In
the case of an EREG corresponding to index #1, a total of REs
indexed as #1 is 9. In this case, (i) REs within the control
region (e.g., a region associated with the first three OFDM
symbols) and (ii) REs (e.g., RE indicated by “340” in FIG. 3)
to which CRSs are mapped may be excluded. Accordingly,
EREG #1 may consist of a total of 5 available REs.

Each ECCE corresponding to a basic unit of an EPDCCH
transmission may consist ofan ‘N’ number of EREGs accord-
ing to a subframe type and a CP length. More specifically, the
N value may be determined as below.

In at least one embodiment, in the case of (i) normal sub-
frames with a normal CP and (ii) special subframes 3, 4, and
8 with a normal CP, the N value may be determined as ‘4’
(N=4). In other words, in this case, if 16 EREGs are included
in one PRB pair, a total of 4 ECCEs may be configured since
each ECCE consists of 4 EREGs.

In other embodiments, in the case of (i) normal subframes
with an extended CP, (ii) special subframes 1, 2, 6, 7, and 9
with a normal CP, and (iii) special subframes 1, 2, 3, 5, and 6
with an extended CP, the N value may be determined as ‘8’
(N=8). In other words, in this case, if 16 EREGs are included
in one PRB pair, a total of 2 ECCEs may be configured since
each ECCE consists of 8 EREGs.

In the case of a certain downlink subframe (e.g., a normal
DL subframe), a typical PDCCH may be transmitted through
‘the first one, two, or three OFDM symbols’ (in the case that
system bandwidth>10 PRBs) or “the first two, three, or four
OFDM symbols.” Furthermore, one CCE may consist of 9
REGs. Accordingly, the CCEs in PDCCH may consist of 36
(=9x4) REs.

However, as described with reference to FIG. 3 to FIG. 8, in
the case of EPDCCH, EREG indexing may be performed per
RE, without considering a size of a legacy control region (i.e.,
a size of a legacy PDCCH region) and REs used for other
reference signals such as CRS and CSI-RS. Accordingly, the
number of REs available for an EPDCCH transmission may
differ according to a size of the legacy control region and the
presence of the other reference signals (e.g., CRS, CSI-RS,
etc.) in a certain downlink sub frame.

In other words, the number of REs available for an EPD-
CCH transmission may differ per EREG. Accordingly, in the
case ofan ECCE corresponding to a basic unit of an EPDCCH
transmission, there may be an RE imbalance that the number
of available REs differs per ECCE.

To overcome such problem, the present embodiment may
provide a mapping method of EREGs constituting each
ECCE. Particularly, the present embodiment may provide a
method of performing an ECCE/EREG mapping (or may be
referred to “an ECCE-to-EREG mapping”) in a localized
EPDCCH set (i.e., an EPDCCH set of a localized type).

More specifically, the present embodiment may provide a
method of configuring each ECCE in a PRB pair constituting
a localized EPDCCH set as described above. Especially, the
present embodiment may consider a legacy PDCCH and
CRSs transmitted through downlink pilot time slots
(DwPTSs) in all downlink subframes and special subframes.
Accordingly, the present embodiment may provide a rela-
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tively optimal ECCE/EREG mapping method considering
the number of available REs for an EPDCCH transmission in
a corresponding PRB pair.

Embodiment 1

ECCE Configuration Using an N Number of
Consecutive EREGs

Embodiment 1 may provide a method of configuring one
ECCE using an N number of consecutive EREGs, and a
method of performing an ECCE indexing according to an
ECCE configuration. Herein, the N number of consecutive
EREGs are included in one PRB pair within an EPDCCH set.

In the case that a size of a legacy PDCCH region is ‘1’
OFDM symbol, the number of available resource elements
(REs) per EREG according to each CRS port configuration
may be arranged as shown in Table 1 below.

TABLE 1

CRS
port 0

CRS

port0, 1 CRSport0,1,2,3

EREG #0
EREG #1
EREG #2
EREG #3
EREG #4
EREG #5
EREG # 6
EREG #7
EREG #8
EREG #9
EREG # 10
EREG #11
EREG #12
EREG #13
EREG # 14
EREG #15

OO 00D 00 ] 00 -] 00 000000 ]~ 00 -]
OO 10 1O 00 0000 ] 00N =0y
OO =100 =1 O 00 =] =] =] =100y Dy

In Table 1 above, the number of available resource ele-
ments (REs) per EREG is arranged based on an EREG index-
ing to which a cyclic shift is not applied. In a corresponding
subframe, one ECCE may consist of 4 EREGs (in the case
that N=4). Accordingly, in the case that one ECCE consists of
four consecutive EREGs according to Embodiment 1,
EREGs constituting each EREG, and the number of available
REs per ECCE may be arranged as shown in Table 2 below.

TABLE 2
ECCE EREG 1TxCRS 2TxCRS 4TxCRS
1¥ECCE EREG #0~EREG #3 29 REs 27 REs 26 REs
2"dECCE EREG #4~EREG #7 32 REs 31 REs 29 REs
3"YECCE EREG#8~EREG#11 30 REs 28 REs 28 REs
47 ECCE EREG #12~EREG #15 35 REs 34 REs 33 REs

In the case of four transmission antenna ports (“4 Tx
CRS”), 1* ECCE may include 26 available REs, and 4”
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ECCE may include 33 available REs. Accordingly, an RE

difference between 1 ECCE and 4” ECCE may be *7°. Like
this, there may be an RE imbalance that the number of avail-
able REs differs per ECCE.

Even in the case that a size of a legacy PDCCH region is
‘2’(Table 3) or “3” (Table 5) OFDM symbols, there may be a
similar characteristic as follows.

65
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TABLE 3

CRS
port 0

CRS

port0, 1 CRSport0,1,2,3

EREG#0
EREG#1
EREG # 2
EREG # 3
EREG # 4
EREG#5
EREG # 6
EREG#7
EREG # 8
EREG #9
EREG # 10
EREG#11
EREG # 12
EREG # 13
EREG # 14
EREG # 15

00 00 ~] 00 00 ~] 00 =]~~~ 1A~
00 00 OV 00 =1 OV 00 =] =] ~1 O\ =] L Oy~
000N~ ~ AR DA NN

Table 3 above may represent the number of available REs
per EREG according to each CRS port configuration, in the
case that a size of a legacy PDCCH region is ‘2° OFDM
symbols. In the same situation as in Table 3, in the case that
one ECCE consists of four consecutive EREGs, EREGs con-
stituting each EREG, and the number of available REs per
ECCE may be arranged as shown in Table 4 below.

TABLE 4
ECCE EREG 1TxCRS 2TxCRS 4TxCRS
1¥ECCE EREG #0~EREG #3 25 REs 23 REs 22 REs
2"dECCE EREG #4~EREG #7 28 REs 27REs 25 REs
39ECCE EREG #8~EREG #11 30 REs 28 REs 28 REs
47" ECCE EREG #12~EREG #15 31 REs 30REs 29 REs

In the case of four transmission antenna ports (“4 Tx
CRS”), 1** ECCE may include 22 available REs, and 4"
ECCE may include 29 available REs. Accordingly, an RE

difference between 1 ECCE and 4” ECCE may be 7°.
TABLE 5
CRS CRS
port 0 port0, 1 CRSport0,1,2,3
EREG #0 5 4 4
EREG # 1 6 6 5
EREG # 2 5 5 5
EREG # 3 5 4 4
EREG # 4 7 7 7
EREG # 5 7 6 6
EREG # 6 7 7 6
EREG #7 7 7 6
EREG #8 6 6 6
EREG #9 7 7 7
EREG # 10 6 5 5
EREG # 11 7 6 6
EREG # 12 7 7 6
EREG # 13 6 5 5
EREG # 14 7 7 7
EREG # 15 7 7 7

Table 5 above may represent the number of available REs
per EREG according to each CRS port configuration, in the
case that a size of a legacy PDCCH region is ‘3> OFDM
symbols. In the same situation as in Table 5, in the case that
one ECCE consists of four consecutive EREGs, EREGs con-
stituting each EREG, and the number of available REs per
ECCE may be arranged as shown in Table 6 below.
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TABLE 6
ECCE EREG 1TxCRS 2TxCRS 4TxCRS
1¥ECCE EREG #0~EREG #3 21 REs 19 REs 18 REs
2" ECCE EREG #4~EREG #7 28 REs 27 REs 25 REs
3"“ECCE EREG#8~EREG#11 26 REs 24 REs 24 REs
4" ECCE EREG#12~EREG #15 27 REs 26 REs 25 REs

In the case of four transmission antenna ports (“4 Tx
CRS”), 1* ECCE may include 18 available REs, and 4”
ECCE may include 25 available REs. Accordingly, an RE
difference between 1 ECCE and 4” ECCE may be 7’.

In the case that a certain EPDCCH set including a group of
‘M’ PRBs (M may be 2, 4, 8, or 16) is of a localized type,
ECCEs constituting a corresponding EPDCCH set may be
configured according to Embodiment 1 as described below.

More specifically, in the case of an M number of PRBs
constituting a localized EPDCCH set, ECCEs may be con-
figured and indexed according to Embodiment 1, in ascend-
ing order starting from a lowest PRB pair (i.e., a PRB pair
having the lowest PRB index).

Referring to FIG. 9(a), an ECCE indexing and an EREG
mapping for an ECCE configuration in a corresponding local-
ized EPDCCH set may be performed as below. First, in the
lowest PRB pair, 1™ ECCE consisting of EREG #0 to EREG
#3 may be indexed as ECCE #0. 2"¢ ECCE consisting of
EREG #4 to EREG #7 may be indexed as ECCE #1. 3 ECCE
consisting of EREG #8 to EREG #11 may be indexed as
ECCE #2. 4" ECCE consisting of EREG #12 to EREG #15
may be indexed as ECCE #3. Thereafter, in the case of a PRB
pair having a second lowest PRB index, an ECCE configura-
tion and an ECCE indexing may be performed in the same
manner. More specifically, in the second lowest PRB pair, 1%
ECCE, 2" ECCE, 3™ ECCE, and 4” ECCE may consist of
EREG #0 to EREG #3, EREG #4 to EREG #7, EREG #8 to
EREG #11, and EREG #12 to EREG #15, respectively. The
1** ECCE, 2"* ECCE, 3™ ECCE, and 4* ECCE may be
indexed as ECCE #4, ECCE #5, ECCE #6, and ECCE #7,
respectively. Similarly, each of four ECCEs configured in a
PRB pair having an M” lowest PRB index may be indexed as
ECCE #(4M-4), ECCE #(4M-3), ECCE #(4M-2), and
ECCE #(4M-1).

Alternatively, in the case that an EPDCCH set consists of
an M number of PRBs, an ECCE indexing may be sequen-
tially performed from 1% ECCEs in each PRB pair. Herein,
each of the 1% ECCEs may consist of EREG #0, EREG #1,
EREG #2, and EREG #3 in each PRB pair.

First, referring to FIG. 9(b), an ‘M’ number of 1% ECCEs
may be sequentially numbered (i.e., indexed) from ECCE #0
to ECCE #(M-1), in an increasing order of a corresponding
PRB index (i.e., an index of a corresponding PRB including
each ECCE). In other words, an ECCE indexing for the M
number of 1* ECCEs may be performed from the lowest PRB
pair to M” lowest PRB pair (i.e., the largest PRB pair).
Herein, the ‘M’ number of 1* ECCEs may include from 1%
ECCE of the lowest PRB pair’ to ‘1 ECCE of M™ lowest
PRB pair (i.e., the largest PRB pair).” Bach of the 1* ECCEs
may consist of EREG #0, EREG #1, EREG #2, and EREG #3.
Second, an ‘M’ number of 2"¢ ECCEs may be sequentially
numbered (i.e., indexed) from ECCE #M to ECCE #(2M-1),
in an increasing order of a corresponding PRB index. In other
words, an ECCE indexing for the M number of 2"¢ ECCEs
may be performed from the lowest PRB pair to the largest
PRB pair (i.e., M* lowest PRB pair). Herein, 2"¢ ECCE in
each PRB pair may consist of EREG #4, EREG #5, EREG #6,
and EREG #7. Third, similarly, 3" ECCEs may be sequen-
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tially numbered (i.e., indexed) from ECCE #2M to ECCE
#(3M-1), in an increasing order of a corresponding PRB
index. Herein, 3™ ECCE in each PRB pair may consist of
EREG #8 to EREG #11. Fourth, similarly, 4” ECCEs may be
sequentially numbered (i.e., indexed) from ECCE #3M to
ECCE #(4M-1), in an increasing order of a corresponding
PRB index. Herein, 4” ECCE in each PRB pair may consist of
EREG #12 to EREG #15.

Embodiment 2

ECCE Configuration Using EREGs Having an
Identical Remainder When EREG Indices are
Divided by 4 (or 2)

As known above, in the case that one ECCE is configured
by merely binding four consecutive EREGs, there may be an
imbalance of the number of available REs per ECCE. The
primary reason of the imbalance may be that an availability of
12 consecutive REs corresponding to one OFDM symbol is
determined according to a size of a legacy PDCCH region. In
other words, among 16 EREGs, a difference between
‘EREGs associated with 12 consecutive REs” and ‘EREGs
associated with 4 consecutive REs not corresponding to the
12 consecutive REs’ may occur.

In order to overcome such imbalance, Embodiment 2 may
provide a method of configuring one ECCE, by binding
EREGs having an identical remainder (e.g., 0, 1,2, or3) inthe
case that corresponding EREG indices are divided by 4 (i.e.,
EREG index mod 4) in one PRB pair constituting an EPD-
CCH set. Herein, “mod” represents a ‘modulo’ operation.

Accordingly, each ECCE may be configured as below.

1* ECCE: EREG #n corresponding to (n mod 4)=0

2"? ECCE: EREG #n corresponding to (n mod 4)=1

3"Y ECCE: EREG #n corresponding to (n mod 4)=2

4™ ECCE: EREG #n corresponding to (n mod 4)=3

Herein, n=0, 1, 2, . .., 15. The ‘n’ may represent an EREG
index shown in FIG. 3 to FIG. 8.

More specifically, in a PRB pair associated with a certain
EPDCCH set, (i) 1 ECCE may consist of EREG #0, EREG
#4, EREG #8, and EREG #12, (ii) 2"¢ ECCE may consist of
EREG #1, EREG #5, EREG #9, and EREG #13, (iii) 3"
ECCE may consist of EREG #2, EREG #6, EREG #10, and
EREG #14, and (iv) 4” ECCE may consist of EREG #3,
EREG #7, EREG #11,and EREG #15. In the case that ECCEs
are configured as described above, available REs per ECCE
may be calculated according to a size of a legacy PDCCH
region as below.

In the case that a size of a legacy PDCCH region is ‘1’
OFDM symbol, EREGs constituting each ECCE and the
number of available REs per ECCE may be configured as
shown in Table 7 below.

TABLE 7
ECCE EREG 1TxCRS 2TxCRS 4TxCRS
I“ECCE EREG#0,EREG#4 31REs 30REs 28 REs
, EREG #8, EREG #12
2ECCE EREG#1,EREG#S5, 32REs  30REs 28 REs
EREG #9, EREG #13
¥YECCE EREG#2,EREG#6, 31REs 30REs 28 REs
EREG #10, EREG #14
4"ECCE EREG#3,EREG#7, 32REs  30REs 28 REs
EREG #11, EREG #15




US 9,173,215 B2

15
In the case that a size of a legacy PDCCH region is ‘2’
OFDM symbols, EREGs constituting each ECCE and the
number of available REs per ECCE may be configured as
shown in Table 8 below.

TABLE 8

ECCE EREG 1TxCRS 2TxCRS 4TxCRS

1¥ECCE EREG#0, EREG #4, 28 REs 27 REs 26 REs
EREG #8, EREG #12

2 ECCE EREG#1, EREG#5, 29 REs 27 REs 26 REs
EREG #9, EREG #13

3"YECCE EREG#2, EREG #6, 28 REs 27 REs 26 REs
EREG #10, EREG #14

47 ECCE EREG#3, EREG#7, 29 REs 27 REs 26 REs

EREG #11, EREG #15

In the case that a size of a legacy PDCCH region is ‘3’
OFDM symbols, EREGs constituting each ECCE and the
number of available REs per ECCE may be configured as
shown in Table 9 below.

TABLE 9

ECCE EREG 1TxCRS 2TxCRS 4TxCRS

IECCE EREGH#0, EREG#4, 25REs  24REs 23 REs
EREG #8, EREG #12

2“ECCE EREG#1,EREG#S, 26REs 24REs 23 REs
EREG #9, EREG #13

3“ECCE EREG#2, EREG#6, 25REs 24REs 23 REs
EREG #10, EREG #14

4%"ECCE EREG#3,EREG#7, 26REs 24REs 23 REs

EREG #11, EREG #15

As describe above, when a “modulo 4” operation is applied
to each EREG index value in one PRB pair included in an
EPDCCH set, one ECCE may be configured by binding four
EREGs having an identical modulo value. Herein, the iden-
tical modulo value associated with a “modulo 4 operation
may correspond to an identical remainder when each EREG
index value is divided by 4. Such ECCE configuration method
may overcome an imbalance of the number of available REs
per ECCE.

Such ECCE configuration method may be applied in the
same manner, even in the case that an EREG indexing per
OFDM symbol is performed using a cyclic shift.

Accordingly, in the case that a certain EPDCCH set con-
sisting of'a group of M PRBs (i.e., a PRB group including an
M number of PRBs) is of a localized type, ECCEs may be
configured in a corresponding EPDCCH set, according to
Embodiment 2 as described herein.

Even in the case that ECCFEs are configured according to
Embodiment 2, an ECCE indexing associated with an M
number of PRBs forming a localized EPDCCH set may be
performed according to two ECCE indexing schemes based
on Embodiment 1.

More specifically, the ECCE indexing may be performed
from ‘15 ECCE of the lowest PRB pair’ to *‘4” ECCE of M
lowest PRB pair (i.e., the largest PRB pair).” Herein, the
lowest PRB pair may represent a PRB pair having the lowest
PRB index. The 1® ECCE may be an ECCE consisting of
EREG #0, EREG #4, EREG #8, and EREG #12 in a corre-
sponding PRB pair, according to Embodiment 2 above. The
M lowest PRB pair may represent a PRB pair having the M*
lowest PRB index (i.e., the largest PRB index). The 4” ECCE
may be an ECCE consisting of EREG #3, EREG #7, EREG
#11, and EREG #15 in a corresponding PRB pair.
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Referring to FIG. 9(a), in the case that each localized
EPDCCH set consists of an M number of PRBs, 1¥ ECCE,
2"¢ ECCE, 3" ECCE, and 4” ECCE in the lowest PRB pair
may be indexed as ECCE #0, ECCE #1, ECCE #2, and ECCE
#3, respectively. Herein, the 1* ECCE may consist of EREG
#0, EREG #4, EREG #8, and EREG #12. The 2"¢ ECCE may
consist of EREG #1, EREG #5, EREG #9, and EREG #13.
The 3¢ ECCE may consist of EREG #2, EREG #6, EREG
#10, and EREG #14. The 4” ECCE may consist of EREG #3,
EREG #7, EREG #11, and EREG #15. Thereafter, in the 2"¢
lowest PRB pair, 1* ECCE, 2"¢ ECCE, 3"/ ECCE, and 4"
ECCE may be indexed as ECCE #4, ECCE #5, ECCE #6, and
ECCE #7, respectively, in the same manner as in the lowest
PRB pair. According to an above-described ECCE indexing,
4™ BECCE (i.e., an ECCE consisting of EREG #3, EREG #7,
EREG #11, and EREG #15) in the M” lowest PRB pair (i.e.,
the largest PRB pair) may be indexed as ECCE #(4M-1).

In other embodiments, referring back to FIG. 9(b), 1*
ECCE:s (e.g., an ECCE consisting of EREG #0, EREG #4,
EREG #8, and EREG #12) configured per PRB pair may be
sequentially numbered (i.e., indexed) from ECCE #0 to
ECCE #M-1). Similarly, 2*¢ ECCEs configured per PRB
pair may be sequentially numbered (i.e., indexed) from
ECCE #M to ECCE #(2M-1). 3" ECCEs configured per PRB
pair may be sequentially numbered (i.e., indexed) from
ECCE #2M to ECCE #(3M-1). 4" ECCEs configured per
PRB pair may be sequentially numbered (i.e., indexed) from
ECCE #3M to ECCE #(4M-1).

Hitherto, in the case that the number of EREGs constituting
one ECCE is 4 (N=4), an ECCE/EREG mapping and an
ECCE indexing in a corresponding localized EPDCCH set
were described. Herein, (i) normal downlink subframes with
a normal CP, and (ii) special subframes 3, 4, and 8 with a
normal CP may correspond to the case of N=4.

Likewise, even in the case that the number of EREGs
constituting one ECCE is 8 (N=8), the ECCE/EREG mapping
and the ECCE indexing described above may be applied.
Herein, (i) normal downlink subframes with an extended CP,
(ii) special subframes 1, 2, 6, 7, and 9 with a normal CP, and
(iii) special subframes 1, 2, 3, 5, and 6 with an extended CP
may correspond to the case of N=4.

As described with respect to Embodiment 1, in the case that
each PRB pair constituting a localized EPDCCH includes 16
EREGs, each ECCE may be configured by binding four con-
secutive EREGs, and therefore 4 ECCEs may be configured
per PRB pair. In other embodiments, each ECCE may be
configured by binding eight consecutive EREGs in place of
four consecutive EREGs. Accordingly, in such other embodi-
ments, 15 ECCE (including EREG #0 to EREG #7) and 2"¢
ECCE (including EREG #8 to EREG #15) may be configured
in each PRB pair. Meanwhile, as described with respect to
Embodiment 2, in the case that each PRB pair constituting a
localized EPDCCH includes 16 EREGs, each ECCE may be
configured by binding four EREGs according to operation
results of ‘modulo 4. More specifically, when a “modulo 4”
operation is applied to each EREG index value, each ECCE
may be configured by binding four EREGs having an identi-
cal modulo value. Herein, the identical modulo value associ-
ated with a “modulo 4” operation may correspond to an
identical remainder when each EREG index value is divided
by 4. In other embodiments, a ‘modulo 2’ operation may be
applied in place of the ‘modulo 4’ operation. Accordingly, in
such other embodiments, each ECCE may consist of 8
EREGs having an identical modulo value associated with a
“modulo 2” operation. In other words, 1* ECCE (including
EREG #0, EREG #2, EREG #4, EREG #6, EREG #8, EREG
#10, EREG #12, and EREG #14) and 2"¢ ECCE (including
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EREG #1, EREG #3, EREG #5, EREG #7, EREG #9, EREG
#11, EREG #13, and EREG #15) may be configured in each
PRB pair. As described above, in the case that the number of
EREGs constituting one ECCE is 8 (N=8), an ECCE/EREG
mapping may be performed in the same manner as in the case
of N=4. Furthermore, in the case of N=8, an ECCE indexing
in a corresponding EPDCCH set may be performed in the
same manner as in the case of N=4. More specifically, the
ECCE indexing may be performed from ¢1°* ECCE in the
lowest PRB pair’ to ‘2”¢ ECCE in the largest PRB pair.’ That
is, ‘1** ECCE in the lowest PRB pair’ to ‘2"¢ ECCE
in the largest PRB pair’ may be indexed as ECCE #0, ECCE
#1,...,ECCE #(2M-1), respectively. Herein, the lowest PRB
pair may represent a PRB pair having the lowest PRB index.
The largest PRB pair may represent a PRB pair having the
largest PRB index.

FIG. 10 is a flowchart illustrating a method (1000) of
transmitting control information in a transmission/reception
point in accordance with at least one embodiment.

Referring to FIG. 10, the transmission/reception point may
transmit control information to user equipment through a data
region of a resource-block pair (e.g., PRB pair) in a subframe.
At step S1010, the transmission/reception point may config-
ure (or form) enhanced control channel elements (ECCEs) (or
may referred to as “assign ECCEs”) for a transmission of the
control information. Herein, resource elements (REs) in the
PRB pair may be indexed by repetitively using 16 numbers
(e.g.,0,1,2,...,15) according to a frequency-first scheme
(i.e., a frequency first and then time manner). Resource ele-
ments (REs) having an identical index may be included in an
identical enhanced resource-element group (EREG). Each
ECCE may include EREGs corresponding to EREG indices
having an identical modulo value. More specifically, each of
the ECCEs configured at step S1010 may be configured with
(1) EREGs corresponding to EREG indices having an identi-
cal remainder (e.g., 0, 1, 2, or 3) when the EREG indices are
divided by 4, or (i1)) EREGs corresponding to EREG indices
having the identical remainder (e.g., 0 or 1) when the EREG
indices are divided by 2.

Examples of indices assigned to a PRB pair were described
with reference to FIG. 3 to FIG. 8. Referring to FIG. 3 and
FIG. 6, EREGs may be numbered (i.e., indexed) from O to 15
according to a frequency-first scheme (i.e., a frequency first
and then time manner). In embodiments shown in FIG. 3,
indexing may be performed using a symbol-based cyclic
shift. More specifically, as shown in FIG. 3, after a resource
element (RE) indicated by “300” in the first symbol is indexed
as 11 (i.e., index 11), a neighboring RE indicated by “310” in
the second symbol is continuously indexed as 12 (i.e., index
12). Meanwhile, in embodiments shown in FIG. 6, indexing
may be performed without a symbol-based cyclic shift.
Accordingly, in this case, as shown in FIG. 6, after a resource
element (RE) indicated by “600” in the first symbol is indexed
as 11 (i.e., index 11), an RE indicated by “610” in the second
symbol is continuously indexed as 12 (i.e., index 12).

The transmission/reception point may configure at least
one ECCE using (i) EREGs corresponding to EREG indices
having an identical remainder (e.g., 0, 1, 2, or 3) when the
EREG indices are divided by 4, or (ii) EREGs corresponding
to EREG indices having an identical remainder (e.g., 0 or 1)
when the EREG indices are divided by 2.

For example, ECCEs may be configured with EREGs cor-
responding to EREG indices having an identical remainder
(e.g., 0, 1,2, or 3) when the EREG indices are divided by 4.
More specifically, one ECCE may consist of EREG #0,
EREG #4, EREG #8, and EREG #12. Another ECCE may
consist of EREG #1, EREG #5, EREG #9, and EREG #13.
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Another ECCE may consist of EREG #2, EREG #6, EREG
#10, and EREG #14. The other ECCE may consist of EREG
#3, EREG #7, EREG #11, and EREG #15. Furthermore, an
EREG index group corresponding to each ECCE may be
expressed as {0, 4, 8,12}, {1, 5,9, 13}, {2, 6, 10, 14}, or {3,
7,11, 15}.

In other embodiments, in the case that ECCEs are config-
ured with EREGs corresponding to EREG indices having an
identical remainder (e.g., 0 or 1) when the EREG indices are
divided by 2, one ECCE may consist of EREG #0, EREG #2,
EREG #4, EREG #6, EREG #8, EREG #10, EREG #12, and
EREG #14. The other ECCE may consist of EREG #1, EREG
#3, EREG #5, EREG #7, EREG #9, EREG #11, and EREG
#13. Furthermore, an EREG index group corresponding to
each ECCE may be expressed as {0, 2,4, 6, 8,10, 12, 14} or
11,3,5,7,9,11,13,15}.

At step S1020, the transmission/reception point may trans-
mit the control information to the user equipment, through at
least one of the configured ECCE:s.

Herein, the control information may be transmitted
through EPDCCH corresponding to a control channel defined
in a data region 220. The EPDCCH may be assigned to at least
one ECCE in a resource-block pair (e.g., a PRB pair).

The resource-block pair (e.g., a PRB pair) carrying the
control information may be one PRB in an EPDCCH set.
Herein, the EPDCCH set may consist of a group of ‘M’ PRBs
(i.e., a PRB group consisting of an M number of PRBs). The
EPDCCH set may be of a localized type or a distributed type
according to EPDCCH transmission types. The M number
may be 2, 4, or 8 for both of the localized type and the
distributed type, and is not limited thereto.

The resource-block pair (e.g., a PRB pair) carrying the
control information may constitute one downlink EPDCCH
set according to a localized type scheme, along with one or
more other resource-block pairs (e.g., one or more other PRB
pairs). That is, the resource-block pair carrying the control
information and the one or more other resource-block pairs
may constitute the one downlink EPDCCH set according to
the localized type scheme.

FIG. 11 is a flowchart illustrating a method (1100) of
receiving control information in user equipment in accor-
dance with other embodiments.

Referring to FIG. 11, the user equipment may receive con-
trol information from a transmission/reception point through
a data region of a resource-block pair (e.g., a PRB pair) in a
subframe. More specifically, at step S1110, the user equip-
ment may receive a wireless signal (may be referred to as “a
radio signal”) through at least one ECCE. Herein, resource
elements (REs) in the PRB pair may be indexed by repeti-
tively using 16 numbers (e.g.,0, 1,2, ..., 15) according to a
frequency-first scheme (i.e., a frequency first and then time
manner). Resource elements (REs) having an identical index
may be included in an identical enhanced resource-element
group (EREG). Each of the at least one ECCE may include
EREGs corresponding to EREG indices having an identical
modulo value. More specifically, each of the at least one
ECCE may be configured with (i) EREGs corresponding to
EREG indices having an identical remainder (e.g., 0, 1, 2, or
3) when the EREG indices are divided by 4, or (ii) EREGs
corresponding to EREG indices having an identical remain-
der (e.g., 0 or 1) when the EREG indices are divided by 2.
Furthermore, at step S1120, the user equipment may obtain
the control information from the received wireless signal.

Examples of indices assigned to a PRB pair were described
with reference to FIG. 3 to FIG. 8. Referring to FIG. 3 and
FIG. 6, EREGs may be numbered (i.e., indexed) from O to 15
according to a frequency-first scheme (i.e., a frequency first
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and then time manner). In embodiments shown in FIG. 3,
indexing may be performed using a symbol-based cyclic
shift. More specifically, as shown in FIG. 3, after a resource
element (RE) indicated by “300” in the first symbol is indexed
as 11 (i.e., index 11), a neighboring RE indicated by “310” in
the second symbol is continuously indexed as 12 (i.e., index
12). Meanwhile, in embodiments shown in FIG. 6, indexing
may be performed without a symbol-based cyclic shift.
Accordingly, in this case, as shown in FIG. 6, after a resource
element (RE) indicated by “600” in the first symbol is indexed
as 11 (i.e., index 11), an RE indicated by “610” in the second
symbol is continuously indexed as 12 (i.e., index 12). Herein,
the RE (“610”) indexed as 12 is not adjacent to the RE (“600”)
indexed as 11.

The transmission/reception point may constitute an ECCE
using (i) EREGs corresponding to EREG indices having an
identical remainder (e.g., 0, 1,2, or 3) when the EREG indices
are divided by 4, or (i) EREGs corresponding to EREG
indices having an identical remainder (e.g., 0 or 1) when the
EREG indices are divided by 2.

For example, ECCEs may be configured with EREGs cor-
responding to EREG indices having an identical remainder
when the EREG indices are divided by 4. More specifically,
one ECCE may consist of EREG #0, EREG #4, EREG #8,
and EREG #12. Another ECCE may consist of EREG #1,
EREG #5, EREG #9, and EREG #13. Another ECCE may
consist of EREG #2, EREG #6, EREG #10, and EREG #14.
The other ECCE may consist of EREG #3, EREG #7, EREG
#11, and EREG #15. Furthermore, an EREG index group
corresponding to each BCCE may be expressed as {0, 4, 8,
12},11,5,9,13},{2,6,10,14},0r {3, 7, 11, 15}.

In other embodiments, ECCEs may be configured with
EREGs corresponding to EREG indices having an identical
remainder when the EREG indices are divided by 2. More
specifically, one ECCE may consist of EREG #0, EREG #2,
EREG #4, EREG #6, EREG #8, EREG #10, EREG #12, and
EREG #14. The other ECCE may consist of EREG #1, EREG
#3, EREG #5, EREG #7, EREG #9, EREG #11, and EREG
#13. Furthermore, an EREG index group corresponding to
each ECCE may be expressed as {0, 2,4, 6, 8,10, 12, 14} or
11,3,5,7,9,11,13,15}.

FIG. 12 is a diagram illustrating a transmission/reception
point in accordance with some embodiments.

Referring to FIG. 12, transmission/reception point 1200
according to the present embodiment may transmit control
information to user equipment through a data region in a
resource-block pair (e.g., a PRB pair) in a subframe. Trans-
mission/reception point 1200 according to the present
embodiment may include control processor 1210, transmitter
1220, and receiver 1230.

Control processor 1210 may configure (or form) ECCEs
for a transmission of the control information. More specifi-
cally, resource elements (REs) in the PRB pair may be
indexed by repetitively using 16 numbers (e.g.,0,1,2,...,15)
according to a frequency-first scheme (i.e., a frequency first
and then time manner). Resource elements (REs) having an
identical index may be included in an identical enhanced
resource-element group (EREG). Each ECCE may include
EREGs corresponding to EREG indices having an identical
modulo value. In more detail, each of the ECCEs may be
configured with (i) EREGs corresponding to EREG indices
having an identical remainder (e.g., 0, 1, 2, or 3) when the
EREG indices are divided by 4, or (ii) EREGs corresponding
to EREG indices having the identical remainder (e.g., 0 or 1)
when the EREG indices are divided by 2.

Herein, the resource-block pair (e.g., a PRB pair) may
constitute one downlink EPDCCH set according to a local-
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ized type scheme, along with one or more other resource-
block pairs (e.g., one or more other PRB pairs). That is, the
resource-block pair and the one or more other resource-block
pairs may constitute the one downlink EPDCCH set accord-
ing to the localized type scheme. Furthermore, EREG indices
(i.e., an EREG index group) corresponding to each of the
configured ECCEs may be one of {0, 4, 8, 12}, {1, 5, 9, 13},
12, 6, 10, 14}, and {3, 7, 11, 15}. Alternatively, an EREG
index group corresponding to each of the configured ECCEs
may be one of {0, 2, 4,6,8,10,12,14} and {1, 3, 5,7, 9, 11,
13, 15}.

In addition, control processor 1210 may control operations
of transmission/reception point 1200, according to a method
of performing an ECCE/EREG mapping for an EPDCCH
transmission and/or a method of performing an ECCE index-
ing in a certain localized EPDCCH set.

Transmitter 1220 may transmit the control information to
the user equipment, through at least one of the configured
ECCEs.

Transmitter 1220 and receiver 1230 may respectively
transmit and receive signals, messages, and/or data required
for performing the above-described present embodiments, in
connection with the user equipment.

FIG. 13 is a diagram illustrating user equipment in accor-
dance with some embodiments.

Referring to FIG. 13, user equipment 1300 according to the
present embodiment may receive control information from a
transmission/reception point (e.g., transmission/reception
point 1200) through a data region of a physical resource-
block pair (a PRB pair) in a subframe. User equipment 1300
according to the present embodiment may include receiver
1310, control processor 1320, and transmitter 1330.

Receiver 1310 may receive a wireless signal through at
least one ECCE. Herein, resource elements (REs) in the PRB
pair are indexed by repetitively using 16 numbers (e.g., 0, 1,
2, ..., 15) according to a frequency-first scheme (i.e., a
frequency first and then time manner). Resource elements
(REs) having an identical index are included in an identical
enhanced resource-element group (EREG). Each of the at
least one ECCE may include EREGs corresponding to EREG
indices having an identical modulo value. In this case, each of
the at least one ECCE may be configured with (i) EREGs
corresponding to EREG indices having an identical remain-
der (e.g., 0, 1,2, or 3) when the EREG indices are divided by
4, or (ii)) EREGs corresponding to EREG indices having an
identical remainder (e.g., 0 or 1) when the EREG indices are
divided by 2.

Herein, the resource-block pair (e.g., a PRB pair) may
constitute one downlink EPDCCH set according to a local-
ized type scheme, along with one or more other resource-
block pairs (e.g., one or more other PRB pairs). That is, the
resource-block pair and the one or more other resource-block
pairs may constitute the one downlink EPDCCH set accord-
ing to the localized type scheme. Furthermore, EREG indices
(i.e., an EREG index group) corresponding to each of the at
least one BCCE may be one of {0, 4, 8,12}, {1, 5, 9,13}, {2,
6,10, 14}, and {3, 7, 11, 15}. Alternatively, an EREG index
group corresponding to each of the at least one ECCE may be
oneof {0,2,4,6,8,10,12,14} and {1,3,5,7,9, 11, 13, 15}.

Control processor 1320 may obtain the control information
from the received wireless signal. Furthermore, control pro-
cessor 1820 may control operations (i.e., operations of user
equipment 1800) which are required for performing the
above-described present embodiments. More specifically,
control processor 1320 may control operations of user equip-
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ment 1300, according to an ECCE/EREG mapping for an
EPDCCH reception and/or an ECCE indexing in a certain
localized EPDCCH set.

Receiver 1310 and transmitter 1330 may respectively
receive and transmit signals, messages, and/or data required
for performing the above-described present embodiments, in
connection with the transmission/reception point.

Although contents of technical standards referred to in the
above-described embodiments are omitted for brief descrip-
tions of the specification, the related contents of the technical
standards may constitute a portion of the present specifica-
tion. Accordingly, adding a portion of the standards-related
content in the specification and/or the claims will be con-
strued as being included in the scope of the present invention.

More specifically, the included documents may constitute
aportion of the present specification as a portion of published
documents. Accordingly, adding a portion of standards-re-
lated contents and/or standard documents in the description
and/or the claims will be construed as being included in the
scope of the present invention.

As described above, since the technical idea of the present
invention is described by exemplary embodiments, various
forms of substitutions, modifications and alterations may be
made by those skilled in the art from the above description
without departing from essential features of the present
invention. Therefore, the embodiments disclosed in the
present invention are intended to illustrate the technical idea
of the present invention, and the scope of the present inven-
tion is not limited by the embodiment. The scope of the
present invention shall be construed on the basis of the
accompanying claims in such a manner that all of the techni-
cal ideas included within the scope equivalent to the claims
belong to the present invention.

What is claimed is:

1. A method of transmitting control information to user
equipment through a data region of a physical resource-block
(PRB) pair in a subframe, in a transmission/reception point,
the method comprising:

forming enhanced control channel elements (ECCEs),

wherein (i) resource elements (REs) in the PRB pair are
indexed by repetitively using 16 numbers according to a
frequency-first scheme, (ii) resource elements (REs)
having an identical index are included in an identical
enhanced resource-element group (EREG), and (iii)
each of the ECCEs includes EREGs corresponding to
EREG indices having an identical remainder when the
EREG indices are divided by N, where the N is one of 4
and 2; and

transmitting the control information to the user equipment

through at least one of the ECCE:s.

2. The method of claim 1, wherein the PRB pair along with
at least one other PRB pair is used to configure one enhanced
physical downlink control channel (EPDCCH) set according
to a localized type scheme.

3. The method of claim 2, wherein the ECCEs are indexed
from a first ECCE of a lowest PRB pair of the EPDCCH set to
an N-th ECCE of a largest PRB pair of the EPDCCH set.

4. The method of claim 1, wherein an EREG index group
corresponding to the each of the ECCE:s is selected as one of
{nl(n mod 4)=0}, {nl(n mod 4)=1}, {nl(n mod 4)=2}, and
{nl(n mod 4)=3}, where the n is an EREG index.

5. The method of claim 1, wherein an EREG index group
corresponding to the each of the ECCE:s is selected as one of
{nl(n mod 2)=0} and {nl(n mod 2)=1}, where the n is an
EREG index.

22

6. A method of receiving control information from a trans-
mission/reception point through a data region of a physical
resource-block (PRB) pair in a subframe, in user equipment,
the method comprising:

5 receiving a wireless signal through at least one enhanced
control channel element (ECCE), wherein (i) resource
elements (REs) in the PRB pair are indexed by repeti-
tively using 16 numbers according to a frequency-first
scheme, (ii) resource elements (REs) having an identical

10 index are included in an identical enhanced resource-
element group (EREG), and (iii)) each of ECCEs
includes EREGs corresponding to EREG indices having
an identical remainder when the EREG indices are

15 divided by N, where the N is one of 4 and 2; and

obtaining the control information from the received wire-
less signal.
7. The method of claim 6, wherein the PRB pair along with
at least one other PRB pair is used to configure one enhanced
20 physical downlink control channel (EPDCCH) set according
to a localized type scheme.

8. The method of claim 7, wherein the ECCEs are indexed
from a first ECCE of a lowest PRB pair of the EPDCCH set to
an N-th ECCE of a largest PRB pair of the EPDCCH set.

9. The method of claim 6, wherein an EREG index group
corresponding to the each of the ECCEs is selected as one of
{nl(n mod 4)=0}, {nl(n mod 4)=1}, {nl(n mod 4)=2}, and
{nl(n mod 4)=3}, where the n is an EREG index.

10. The method of claim 6, wherein an EREG index group
corresponding to the each of the ECCEs is selected as one of
{nl(n mod 2)=0} and {nl(n mod 2)=1}, where the n is an
EREG index.

11. A transmission/reception point for transmitting control
information to user equipment through a data region of a
physical resource-block (PRB) pair in a subframe, the trans-
mission/reception point comprising:

a control processor configured to form enhanced control
channel elements (ECCEs), wherein (i) resource ele-
ments (REs) in the PRB pair are indexed by repetitively
using 16 numbers according to a frequency-first scheme,
(ii) resource elements (REs) having an identical index
are included in an identical enhanced resource-element
group (EREG), and (iii) each of the ECCEs includes
EREGs corresponding to EREG indices having an iden-
tical remainder when the EREG indices are divided by
N, where the N is one of 4 and 2; and

atransmitter configured to transmit the control information
to the user equipment through at least one of the ECCEs.

12. The transmission/reception point of claim 11, wherein
the PRB pair along with at least one other PRB pair is used to
configure one enhanced physical downlink control channel
(EPDCCH) set according to a localized type scheme.

13. The transmission/reception point of claim 12, wherein
the ECCEs are indexed from a first ECCE of a lowest PRB
pair of the EPDCCH set to an N-th ECCE of a largest PRB
pair of the EPDCCH set.

14. The transmission/reception point of claim 11, wherein
6o an EREG index group corresponding to the each of the
ECCE:s is selected as one of {nl(n mod 4)=0}, {nl(n mod
4)=1}, {nl(n mod 4)=2}, and {nl(n mod 4)=3}, where the n is
an EREG index.

15. The transmission/reception point of claim 11, wherein
an EREG index group corresponding to the each of the
ECCE:s is selected as one of {nl(n mod 2)=0} and {nl(n mod
2)=1}, where the n is an EREG index.
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16. A user equipment receiving control information from a
transmission/reception point through a data region of a physi-
cal resource-block (PRB) pair in a subframe, the user equip-
ment comprising:

areceiver configured to receive a wireless signal through at
least one enhanced control channel element (ECCE),
wherein (i) resource elements (REs) in the PRB pair are
indexed by repetitively using 16 numbers according to a
frequency-first scheme, (ii) resource elements (REs)
having an identical index are included in an identical
enhanced resource-element group (EREG), and (iii)
each of ECCEs includes EREGs corresponding to
EREG indices having an identical remainder when the
EREG indices are divided by N, where the N is one of 4
and 2; and

a control processor configured to obtain the control infor-
mation from the received wireless signal.
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17. The user equipment of claim 16, wherein the PRB pair
along with at least one other PRB pair is used to configure one
enhanced physical downlink control channel (EPDCCH) set
according to a localized type scheme.

18. The user equipment of claim 17, wherein the ECCEs
are indexed from a first ECCE of a lowest PRB pair of the
EPDCCH set to an N-th ECCE of a largest PRB pair of the
EPDCCH set.

19. The user equipment of claim 16, wherein an EREG
index group corresponding to the each of the ECCEs is
selected as one of {nl(n mod 4)=0}, {nl(n mod 4)=1}, {nl(n
mod 4)=2}, and {nl(n mod 4)=3}, where the n is an EREG
index.

20. The user equipment of claim 16, wherein an EREG
index group corresponding to the each of the ECCEs is
selected as one of {nl(n mod 2)=0} and {nl(n mod 2)=1},
where the n is an EREG index.
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